The accuracy of identification of Serpulina hyodysenteriae strains grown in a complex medium was 90% when 2 commercial test kits were used. Unlike the other S. hyodysenteriae strains, S. hyodysenteriae strain P35/2 was unusual in being indole negative. The nonpathogenic intestinal spirochete PWS/A, which is from a different species, was indole positive and α-galactosidase negative. Identification of these spirochetes on the basis of these kits alone would have been incorrect. The analysis of volatile fatty acids by gas chromatography showed that the ratio of acetic to butyric acid was from 11:1 to 44:1 for S. hyodysenteriae strains, which distinguished them from the other spirochetes. The exception was PWS/A (acetic : butyric of 32:1), but this spirochete, unlike the S. hyodysenteriae spirochetes, also produced isobutyric acid. Short chain fatty acid (SCFA) analysis by high-performance liquid chromatography detected different SCFAs in addition to acetic and butyric acids. These additional SCFAs did not contribute to further differentiation of the porcine spirochetes.
Swine dysentery is a mucohemorrhagic diarrheal disease of pigs caused by Serpulina hyodysenteriae. 9, 29, 30, 32 Diagnostic tests must differentiate nonpathogenic Serpulina innocens 15, 29 and other porcine intestinal spirochetes from strains of S. hyodysenteriae.
Hemolysis of sheep blood agar is useful in identification because S. hyodysenteriae produces strong ,&hemolysis, whereas S. innocens and other intestinal spirochetes produce weak hemolysis. 25 In addition, enteropathogenicity testing 15, 18, 19 can be important in identification of S. hyodysenteriae strains but is not practical as a routine test.
In vitro, serologic tests have included a fluorescent antibody test, 27 a growth inhibition assay, 22 a slide agglutination assay, 4 and a microscopic agglutination assay. 25 These techniques require antisera that are often unavailable to diagnostic laboratories.
Recently, molecular techniques, including whole chromosomal DNA probes 5, 34 and restriction endonuclease digestion of genomic DNA, 6, 7, 30, 34 Initial differentiation of porcine intestinal spirochetes is often by pattern of hemolysis, and confirmation of S. hyodysenteriae is by carbohydrate fermentation tests and serology. Serpulina hyodysenteriae isolates were initially defined as being enteropathogenie, strongly ,ß-hemolytic, indole positive, and fructose fermentation negative. 19 More recently, commercially developed enzyme assays have been used for the rapid characterization of spirochetes grown on agar plates. 1, 2, 11, 26, 31 The first commercially available enzyme test kit was evaluated for the classification of spirochetes associated with swine dysentery. 11 It was suggested that "the method was sufficiently sensitive to differentiate between strains related to swine dysentery and strains not so related from pigs."
A second rapid enzyme detection kit differentiated S. hyodysenteriae from S. innocens on the basis of α-galactosidase and indole activities. 1 An additional enzyme identification system was unable to differentiate these 2 species on the basis of these tests but could do so by α-arabinosidase activity, which was positive for S. innocens. An indole spot test was positive for all the S. hyodysenteriae strains. 2 Earlier studies suggested that S. hyodysenteriae could not be distinguished from other spirochetes on the basis of carbohydrate fermentation. 23 Other investigators also observed variation in carbohydrate fermentation, 1,3 and a third group of spirochetes was proposed. This group, although indole negative, was also negative for α-galactosidase. 1 No pathogenicity and serologic testing of these strains was performed to determine their pathogenicity for pigs or relatedness to S. hyodysenteriae. Both S. hyodysenteriae and S. innocens produce acetic and butyric acids, 18 and there is a difference between S. hyodysenteriae and the other spirochetes in the levels of butyric acid produced. 23 Strains classed as biotype 2 also produce propionate or isobutyrate. 3 In this investigation, 2 commercial enzyme test kits and short-chain fatty acid analyses were evaluated as a means of differentiating S. hyodysenteriae from S. innocens and other intestinal spirochetes grown in complex liquid medium.
Materials and methods
Bacterial strains and culture conditions. Twenty porcine intestinal spirochetes were used in this study: 14 S. hyodysenteriae strains from the UK, USA, and The Netherlands (Lysons RJ, Lemcke RM, Bew J, et al.: 1982, Abstr Int Pig Vet Soc, p. 40), 2,4,6,18,22,28 2 S. innocens strains, B256 and 4/71, 19 and 4 other nonpathogenic intestinal spirochetes, PWS/ A, PWS/B, M1, and LL3, isolated from healthy pigs. 10, 22, 23 The spirochete strains have been previously differentiated on the basis of hemolysis, biochemical analysis, serologic analysis, DNA restriction endonuclease typing, and enteropathogenicity testing (Table 1) .
Frozen stock cultures were grown in trypticase soy broth (TSB) a supplemented with 5% rabbit serum b and incubated at 37 C. 16 Spectinomycin was omitted from the medium for strain B256 because of its sensitivity to this antibiotic. Cultures were monitored for contamination by phase contrast microscopy.
Commercial enzyme test kits. Spirochetes were centrifuged at 10,000 x g for 6 min. Samples were resuspended either in PBSa (10 g/liter NaCl, 0.25 g/liter KCl, 0.1438 g/liter Na 2 HPO 4 , 0.25 g/liter KH 2 PO 4 at pH 7.2) to an optical absorbance of 2.8 at 625 nm for the first test kit c or in manufacturer's inoculation fluid and standardized to an absorbance of 1.6 for the second test kit. d The tests were conducted according to the manufacturer's instructions.
Short-chain fatty acid analyses. Volatile fatty acid (VFA) identification and concentration were determined on ether extracts of whole cultures 12 using a gas chromatograph (GC) the GC system, no VFAs were detected in the uninocequipped with a flame ionization detector. e,23 Short-chain fatty acids (SCFA), which include VFA, were determined on ulated medium. All spirochetes produced measurable ether/NaOH extracts of whole cultures using a high-perfor-quantities of acetic and butyric acids, with the excepmance liquid chromatograph (HPLC). f,8 tion of strain B256 (Table 4 ). The S. hyodysenteriae strains gave relative acid concentrations between 11
Results
The results of the first commercial kit are shown in Table 2 : a value of 0 in the test is depicted as negative (-) and values of 1-5 as positive (+). There were differences in enzyme activity between S. hyodysenteriae and S. innocens and among individual strains. The S. hyodysenteriae strains were negative for α-galactosidase activity, whereas the S. innocens strains and other intestinal spirochetes were positive, except that the nonpathogenic spirochete PWS/A was also negative for α-galactosidase.
Similar results were obtained with the second test kit (Table 3) , and in this test system PWS/A was negative for α-galactosidase activity. This test system also detected indole production. In general, this test was positive for S. hyodysenteriae and negative for S. innocens and the other intestinal spirochetes. However, the intestinal spirochete PWS/A was indole positive, confirming previous reports, 21,23 and S. hyodysenteriae strain P35/2 was indole negative. The lack of indole production was confirmed using Kovac's reagent. 25 Cultures were analyzed for the production of VFA from glucose, by both GC and HPLC methods. With and 44:1 (acetic : butyric), whereas the ratio for S. innocens strain 4/71 was significantly higher (69:1). The other intestinal spirochetes produced higher acetic : butyric ratios of 124 to 160:1. However, the spirochete PWS/A had a ratio of only 32:1 and thus was placed in the same group as all the S. hyodysenteriae strains. Isovaleric acid was produced in trace amounts by most spirochetes (except S. hyodysenteriae strains B78, B234, LL6, P35/2, and BB3 10/81), but only PWS/A produced a trace amount of isobutyric acid.
The HPLC results showed an increase in the types of SCFA detected, most notably α-ketoglutaric acid, lactic acid, and caproic acid (data not shown). However, it was not possible. to further differentiate the porcine spirochetes on the basis of these SCFA.
Discussion
In this study, 2 commercial identification systems were evaluated for their ability to differentiate porcine spirochetes grown in complex liquid medium. In general, the enzyme kits could be used for identification; however, certain anomalies were confirmed with S. hyodysenteriae strain P35/2 and the nonpathogenic porcine intestinal spirochete PWSIA. Strain P35/2 is distinct from other S. hyodysenteriae strains because it is not agglutinated by monoclonal antibodies (MAbs) to the S. hyodysenteriae 16-kD outer membrane lipoprotein (SmpA) and is negative in growth inhibition assays with these MAbs. 35, 37 However, strain P35/2 is positive in western blots probed with the 16-kD MAbs (W. Thomas, personal communication) and possesses the gene (SmpA) 36 that encodes the 16-kD antigen (K. Turner, personal communication). These results suggest that this spirochete is S. hyodysenteriae because only S. hyodysenteriae strains produce this protein. 28, 35 Because P35/2 did not appear to produce indole, caution is required when the production of indole by Serpulina strains is used for identification, and the species definition for S. hyodysenteriae may need to be amended. 18 Throughout this study, spirochete PWS/A consistently gave different results than did other intestinal spirochetes and was markedly different from spirochete PWS/B, which is another isolate from the same farm. Therefore, PWS/A could belong to a separate group of nonpathogens but does not fit into the separate group previously suggested. 1 Spirochetes in this group are both indole and α-galactosidase negative, whereas PWS/A is positive for indole. Therefore, there may be several separate groups of nonpathogens, and further study is needed to differentiate these groups.
Recently, isolates of weakly ,&hemolytic intestinal spirochetes that resemble S. innocens were examined using multilocus enzyme electrophoresis. 21 Seven isolates (including PWS/A) that produced indole and had α-glucosidase activity but not α-galactosidase activity were suggested as representing a distinct Serpulina species (i.e., S. intermedius). In addition, 17 isolates that were distinct from S. innocens because of a lack of α-galactosidase activity were suggested as representing a new genus. Furthermore, 56 isolates (including strains Ml and P43/6/78, which have been associated with spirochetal diarrhea 33 ) were judged morphologically distinct from the previous isolates on the basis of electron microscopy and may represent another genus. 21 The observations on S. hyodysenteriae strain P35/2 and nonpathogenic intestinal spirochete PWS/A have direct relevance to microbiologists who use the test kits for identification of intestinal spirochetes and confirms the need for additional testing for definitive identification. Fatty acid analysis can be useful in the identification of S. hyodysenteriae strains, in particular the ratio of acetic to butyric acids. However, PWS/A could be confused with S. hyodysenteriae strains, except that PWS/A also produces isobutyric acid. To clarify the results, the production of volatile and nonvolatile SCFA was determined using HPLC. Although a larger number of SCFA were detected, no clear definition of S. hyodysenteriae strains was possible. Therefore, it is necessary to perform both enzyme assays and fatty acid analysis to positively identify S. hyodysenteriae strains.
